We describe the relative frequency, clinical features, neuroimaging and pathological results, and outcome after pharmacological or surgical intervention for a series of pediatric patients with temporal lobe epilepsy (TLE) from an epilepsy center in Brazil. The medical records of children younger than 12 years with features strongly suggestive of TLE were reviewed from January 1999 to June 1999. Selected children were evaluated regarding clinical, EEG, and magnetic resonance imaging (MRI) investigation and divided into three groups according to MRI: group 1 (G1, N = 9), patients with hippocampal atrophy; group 2 (G2, N = 10), patients with normal MRI, and group 3 (G3, N = 12), patients with other specific temporal lesions. A review of 1732 records of children with epilepsy revealed 31 cases with TLE (relative frequency of 1.79%). However, when the investigation was narrowed to cases with intractable seizures that needed video-EEG monitoring (N = 68) or epilepsy surgery (N = 32), the relative frequency of TLE increased to 19.11 (13/68) and 31.25% (10/32), respectively. At the beginning of the study, 25 of 31 patients had a high seizure frequency (80.6%), which declined to 11 of 31 (35.5%) at the conclusion of the study, as a consequence of pharmacological and/or surgical therapy. This improvement in seizure control was significant in G1 (P < 0.05) and G3 (P < 0.01) mainly due to good postsurgical outcome, and was not significant in G2 (P > 0.1, McNemar's test). These results indicate that the relative frequency of TLE in children was low, but increased considerably among cases with pharmacoresistant seizures. Patients with specific lesions were likely to undergo surgery, with good postoperative outcomes.
Introduction
Temporal lobe epilepsy (TLE) is the most common epileptic syndrome in adolescents and adults, and hippocampal sclerosis (HS) its most frequent pathological substrate (1) . Studies of pediatric series have shown that there are substantial differences compared to adult series. First, the clinical features of temporal lobe seizures tend to be simpler in younger children and ictal and interictal EEG findings are less localized or falsely lateralized (2) . Second, the relative frequency of TLE is lower in children than in adults as also is the frequency of HS as the pathological substrate in surgical series (3, 4) . Finally, in developed countries, community-based cohort studies of pediatric new-onset TLE have shown that neuroimaging features are within normal limits in the majority of cases, which contrasts to the high frequency of hippocampal atrophy and T2 signal changes in adult series (5, 6) .
The relative frequency and etiologic profile of TLE in children have been poorly described in developing countries. This information is particularly relevant in view of the potential etiologies commonly associated with low-socioeconomic status (7, 8) . In recent years, some developing countries have witnessed a substantial increase in the number of patients referred to centers with a multidisciplinary structure, a fact that has permitted a systematic evaluation of patients with epilepsy (9, 10) .
In the present study, we describe the relative frequency, clinical features, neuroimaging, and pathological results of a series of pediatric patients with TLE from a mustidisciplinary epilepsy center in Brazil. Our results indicated that the relative frequency of TLE in children was low, but was considerably higher among cases with pharmacoresistant seizures. In addition, we found that the etiologic profile of the disease was similar to that reported in developed countries.
Patients and Methods
Patients were evaluated at the outpatient clinic and video-EEG unit of the University Hospital, Ribeirão Preto School of Medicine, University of São Paulo, Ribeirão Preto, SP, Brazil, between January 1999 and December 2001, using standardized protocols previously published. Parents or caregivers of the children signed a free and informed consent and the protocol was approved by the Ethics Committee of the Institution (HCRP #7366/99) (11) .
The children were selected by retrospective evaluation of the medical records of epileptic patients younger than 12 years with features strongly suggestive of TLE as proposed by the classification of the International League Against Epilepsy (ILAE) (12) . These features were: 1) two or more complex partial seizures often beginning with motor arrest followed by automatisms, with a duration >1 min, and gradual recovering; 2) simple partial seizures characterized by autonomic or psychic symptoms and sensory phenomena such as olfactory and auditory ones, most commonly epigastric rising sensation.
We excluded patients with clinical and laboratory features that placed the diagnosis of TLE in doubt, including focal abnormalities on neurological examination, generalized or extratemporal EEG spikes, extratemporal lesions on magnetic resonance imaging (MRI), severe mental retardation, and genetic syndromes. The selected records were reviewed in full detail regarding a family history of epilepsy, age of first seizure, and presence of an initial precipitating injury (IPI). As a possible IPI we considered a previous history of meningitis, complex febrile seizures (prolonged, focal or multiple), trauma with loss of conscience, perinatal hypoxemic insult, and status epilepticus. All patients were prospectively followed up for 3 years (1999) (2000) (2001) . During the follow-up period, the patients were evaluated regarding seizure frequency and divided into groups as having low or high seizure frequency. Low seizure frequency was indicated when patients had one seizure every three months or less for more than two years. High seizure frequency was indicated when patients had one seizure every month or more. Children with low seizure frequency were seen at least once a year. Children with a high number of seizures (more than 1 per month) were seen monthly.
Neuroimaging acquisition and analysis
MRI was performed with a 1.5 Tesla system Magneton Vision apparatus (Siemens, Erlangen, Germany). The protocol included: i) a sagittal T1-weighted 3-D gradient echo sequence covering the whole head (TR = 9.7 ms; TE = 4 ms; flip angle = 12º), with a field-of-view (FOV) of 256 mm, a 256 x 256 matrix, and a partition thickness of 1 mm, allowing an isometric voxel of 1 mm; ii) a coronal turbo fluid attenuation inversion recovery sequence (TR = 9000 ms; TI = 2200 ms; TE = 119 ms), perpendicular to the hippocampal axis, sixteen 5-mm thick slices with a 0.5-mm interslice gap, a 192 x 256 matrix, and FOV of 240 mm; iii) an axial turbo spin-echo T2-weighted sequence (TR = 5400 ms; TE = 99 ms) parallel to the corpus callosum, twenty 5-mm thick slices with a 1-mm interslice gap, a 192 x 256 matrix, and FOV of 240 mm, and iv) a coronal T2-weighted turbo spin-echo (TR = 5400 ms; TE = 99 ms), FOV of 200 mm, a 512 x 512 matrix, and twenty 3-mm thick slices with no interslice gap.
The volumetric 3-D gradient echo sequences were reformatted using Multiplanar Reconstruction Program (Siemens) on the coronal plane, perpendicular to the largest axis of the hippocampus. Twenty contiguous 2-mm thick slices were chosen, including the entire hippocampal volume and were used for manual segmentation and volumetric analysis. Images were transferred to an IBM-PC workstation (Windows 2000) and processed for volumetry using specific software (Image J -NIH software). The absolute and relative values of the hippocampus were compared to a control group. Hippocampal atrophy was defined as a volume smaller than two standard deviations of the average for the control group (N = 9) analyzed by the same method. For the control group, nine normal images from age-matched patients without epilepsy were analyzed.
Patients were divided into three groups according to neuroimaging features (MRI), as follows: group 1 (G1, N = 9) -patients with hippocampal atrophy and/or increased signal in the T2-weighted sequences; group 2 (G2, N = 10) -patients with normal MRI, and group 3 (G3, N = 12) -patients with other specific temporal lesions (tumors and malformations of cortical development). Six patients were additionally submitted to CT scans.
EEG and video-EEG monitoring
EEGs were obtained with a standard 21-channel EEG apparatus (Nihon Kohden model Neurofax, Tokyo, Japan). Electrodes were placed according to the international 10-20 system. Data were reviewed by experienced neurophysiologists. Cases with intractable seizures and tumor cases were submitted to video-EEG monitoring. When preoperative data were localized to the temporal lobe, patients were submitted to a standard anterior and mesial temporal 'en bloc' resection including 2-3 cm of the hippocampus. The final etiologic diagnosis was confirmed by histopathological examination.
Statistical analysis
We applied the Kolmogorov-Smirnov test to define the distribution of the variables. When variables presented a normal distribution we used parametric tests such as the Student t-test or analysis of variance (ANOVA). When variables did not present a normal distribution we used the non-parametric Mann-Whitney or Kruskal-Wallis tests. For categorical variables we applied the exact Fisher test for independent observations and the McNemar test for paired observations.
Results
The demographic and clinical data of the patients are presented in Table 1 . Of the 1732 medical records of children with epilepsy reviewed during the study period, 31 fulfilled the inclusion criteria for pediatric TLE, corresponding to a relative frequency of 1.79%. During the same period, 19.11% (13 of 68) patients with intractable seizures evaluated in the pediatric video-EEG monitoring unit had neuroimaging and neurophysiological evidence of TLE. Of the 13 patients who had video-EEG investigation, 10 were submitted to temporal lobectomy, accounting for a relative frequency of 31.25% (10 of 32) of the total pediatric surgical procedures.
The mean age was 7.87 years, with a range of 3 to 12 years. The mean age at seizure onset was 3.84 years (range: 2 months to 11 years). There was a tendency to an inverse relationship between age at seizure onset and seizure frequency (Mann-Whitney test, P = 0.06). Of the 31 children, 20 (64.5%) had a positive family history of epilepsy. A previous history of IPI was present in 21 children (67.7%), and the events were the following: complex febrile seizures (N = 9), status epilepticus (N = 8), meningitis (N = 3), and perinatal hypoxia (N = 1). Eight of 9 G1 patients (88.88%) and 9/10 G2 patients (90%) had an IPI. This proportion was significantly greater than the 4/12 (33.3%) found in G3 (Fisher exact test, G1 vs G3; P = 0.024; G2 vs G3, P = 0.011). Developmental disabilities were seen in 13 of 31 patients (43.7%).
Focal seizures were observed in 100% of cases, and secondary generalized seizures in 7 of 31 (22.6%). At the beginning of the study (1999), 80.6% of patients had a high frequency of seizures, with a decline to 35.5% at the conclusion of the study (2001) as a consequence of pharmacological (21 patients) or surgical (10 patients) therapy (see Table 2 ). Regarding specific groups, in G1 (N = 9), 2 of 2 patients became seizure free due to surgical therapy, and 4 of 6 patients improved due to pharmacotherapy (3 seizure free and 1 with one seizure in 4 months). In G2 (N = 10), 4 of 10 patients had an improvement in seizure control due to pharmacotherapy (3 seizure free and 1 with one seizure in 4 months). Finally, in G3 (N = 12), 8 of 8 patients became seizure free due to The 1732 patients were treated in the outpatient clinic of a tertiary level University hospital from 1999 to 2001. Data for age at enrollment, age at seizure onset and epilepsy duration are reported as means ± SD and range for 31 TLE pediatric patients.
surgical therapy, and 2 of 4 patients improved due to pharmacotherapy and are seizure free. Overall, the improvement in seizure control was significant in G1 (P < 0.05) and in G3 (P < 0.01), and was not significant in G2 (P > 0.1, McNemar's test for paired observations). No differences were found among groups regarding age at enrollment, age at seizure onset, epilepsy duration, or family history of epilepsy. Thirteen children had a normal EEG, 3 had bilateral temporal interictal spikes, and 16 had unilateral interictal spikes (15 temporal, 1 temporal-occipital). In 94% of cases (15/16) unilateral spikes were ipsilateral to the MRI findings. Thirteen children were submitted to video-EEG monitoring, with 12 showing complex partial seizures with motor automatisms and one tonic asymmetric seizures. Ictal EEG onset was temporal in 7 cases, hemispheric in 2 and diffuse in 2 cases. In the patient with tonic asymmetric seizures, the interictal and ictal EEG onset was localized in the temporal lobe.
Regarding the neuroimaging features, we found 9 patients with features suggestive of HS (G1), 10 patients with no MRI abnormality (G2), and 12 patients with specific etiologies (G3; Table 2 ). The hippocampal volumes of 6 G1 patients were smaller than 2 standard deviations of the average control group, and the remaining three cases had a diagnosis of probable HS based on visual analysis. In G2 and G3, hippocampal volumes were within normal limits. Ten patients, 2 from G1 and 8 from G3, were submitted to temporal lobectomy. Histopathological examination confirmed the diagnosis of HS in the two G1 surgical cases. The specific etiologies in G3 were cortical dysplasia (N = 6), dysembryoplastic neuroepithelial tumor (N = 1), and tanycytic ependymoma (N = 1).
Finally, MRI or CT scans showed no lesions supporting a diagnosis of neurocysticercosis, tuberculosis, echinococcosis (hydatidosis, or hydatid disease), or any other etiology commonly associated with developing countries (13) (14) (15) (16) (17) .
Discussion
The present study, conducted at a University hospital which provided diagnostic evaluation and treatment to children with epilepsy whose seizures ranged from easily controlled (primary care) to intractable (tertiary care), indicated that the relative frequency of TLE pediatric epilepsy patients was low, 31/1742 (1.8%). However, when Series from pediatric epilepsy surgery centers have pointed out that TLE represents a larger proportion of intractable cases and that malformations of cortical development and tumors in the temporal lobe are much more common than mesial temporal lobe epilepsy in children under 12 years of age (2, 18) . The low relative frequency of TLE in children should explain the relatively small number of patients in the present series and in those reported elsewhere (2, (18) (19) (20) .
It is important to emphasize that the present study was hospital-based and not a population-based study. There may be children with TLE whose seizures are easily controlled with medication or so discrete that they never come to the attention of an epileptologist. Other methodological aspects of our study that should be considered are: 1) due to the retrospective nature of the present pediatric study, some information might have been lost, despite the relatively short period between the onset of epilepsy and the medical interview. However, most of the information could be retrieved during prospective follow-up; 2) determining whether a seizure is of temporal lobe origin in children can be difficult. This is particularly relevant in children younger than 6 years, whose seizures can present a broad spectrum of semiologic characteristics and in those with a normal MRI (21) . However, we used restrictive ILAE criteria for TLE, and cases with mental retardation and extratemporal spikes were excluded. In fact, this may have biased our sample to cases with a more localized spectrum of TLE. For example, it is well known that patients with West syndrome, although classified as having generalized epilepsy, may have structural lesions restricted to the temporal lobe (22); 3) since one of the features of the natural history of mesial TLE is the onset of complex partial seizures at the end of the first decade or during the teen years, the upper limit of 12 years of age for our series may have excluded some mesial TLE patients whose seizure onset might have occurred after this period.
Despite these possible limitations, we believe that our findings provide important comparative information on the relative frequency of pediatric TLE with a different spectrum of seizure control (from low to high frequency of seizures).
In the present study, we observed a tendency to an inverse relationship between age at seizure onset and seizure frequency at the beginning of the study (Mann-Whitney test, P = 0.06), which is somewhat in agreement with other studies reporting that early seizure onset is significantly associated with poor seizure control (23, 24) .
We detected a high frequency of IPI, particularly in children with evidence of hippocampal atrophy (G1) or normal MRI (G2), which was significantly different from children with specific MRI lesions (Fisher exact test, P = 0.011). Although pediatric cohort studies have shown a frequency of IPI in 29% of TLE cases (5), retrospective adult studies have indicated a wide variability of IPI, ranging from 30 to over 80% (25) (26) (27) . This variability may reflect the use of different criteria for defining IPI, the relative contribution of typical mesial TLE in those series, and the interval between IPI and medical interview.
One surprising finding of our study was the high frequency of IPI in children with normal MRI (G2, 9 of 10). One may ques-tion if some of these children would develop mesial TLE in the future as a consequence of repeated IPI or chronic seizures (28) . Although it is well known that prolonged febrile convulsions can produce acute MRI signal changes in the hippocampus and subsequent development of hippocampal atrophy (29) , the contribution of brief seizures to hippocampal sclerosis is controversial. Several studies support the view that hippocampal sclerosis is likely to be an acquired pathology, and most of the neuronal loss occurs as a consequence of the precipitating injury (25, 26, 30, 31) . However, there is recent evidence that HS may be acquired after brief generalized tonic-clonic seizures in adults (32) . Prospective volumetric studies of our children with normal MRI will be necessary to document the progression to hippocampal atrophy if it occurs.
The results of the present study support the importance of MRI findings in epilepsy surgery, provided that patients with specific lesions are likely to undergo surgery, with good postoperative outcomes (2, 18) . On the other hand, surgical treatment for children with normal MRI represents one of the most challenging issues in pediatric epilepsy surgery (33) . This is particularly important due to the fact that surgical treatment has the potential to provide freedom from disabling seizures as opposed to continuing pharmacotherapy, reducing the risk of long-term morbidity and mortality (34) .
Finally, we found no lesions on the MRI or CT scans supporting the diagnosis of etiologies commonly associated with epilepsy in developing countries (13) (14) (15) (16) (17) . The following considerations may explain this finding. First, neurotuberculosis and echinococcosis are not endemic in Brazil. Second, although neurocysticercosis is very prevalent in Brazil, the likelihood of children getting infected is smaller than for adolescents and adults (35) . In addition, there is evidence that neurocysticercosis might be a coincidental pathology in TLE which does not play a role in epileptogenesis (7) . Finally, several etiologies associated with poor primary health care in developing countries may be causal factors of more diffuse brain involvement rather than involvement limited to the temporal lobe (36, 37) .
